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ABSTRACT: ^ 

PURPOSE: To obtain a heteroj unction field-effect transistor which 
can b e high- ^ 

^sp eed and ca n be highly integrated by a method wherein a p-type 
~~ germanium layer 

as a channel layer is formed on a gallium arsenide substrate and 
a laminated 

structure using an intrinsic or semiinsulating gallium arsenide 
layer as an 

insulating layer is contained while a gate electrode used to 
impress an 

electric field in a vertical direction of the laminated 
structure, a source 

electrode and a drain electrode in an inward direction of the 
p-type germanium 
layer are provided. 

CONSTITUTION: A p-type Ge layer 2 and an intrinsic GaAs layer 3 
are grown one 

after another on a semiinsulating GaAs (1, 0, 0) substrate 1 by 
an MBE method; 

aluminum is used as a gate electrode 4 on the GaAs layer 3; the 
GaAs layer 3 in 

a part other than the gate electrode 4 is removed by a 
self-alignment method; a 

gold/indium alloy is evaporated as a source electrode 5 and a 
drain electrode 

6; while indium is diffused at a low temperature of 350°C, a 
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p<SP>+</SP> 

contact layer 7 is formed and is brought into contact with a 
p-type Ge layer 2 

as a channel layer where a hole flows. Because a direction from 
the source 

electrode to the drain electrode is set in a (1, 0, 0) 
orientation, a 

field-effect transistor having a bigger gm value can be realized. 
COPYRIGHT: (C) 1989, JPO&Japio 



11/08/2001, EAST Version: 1.02.0008 



® b * a « * 5= (j p> ® it Km a & h 
® & §1 ^ & $g ( a) ¥1-1 24267 
®mt.a.« i^ijis^ mtm «i*ag89>5*i7B 

H 01 L 29/80 H-8122-5F 

o « , 8526- 5F 
29/78 3 0 1 B-8422-5F *»* ftHoft 1 (45» 



®# m PS62- 283427 
@tti gg PS62C1987)11H 9 B 

©» 88 * * « * ^SP^E^5T@33S1^ B*TO^4*trt 

©fcH SB A B^m^CS^^a: 3BK«RfE2STB3»l4 
©ft 9 A #3i± ft AC * 



^ «r * 

1 . £ BJ5 tf> £ 
V 4^ X * . 



I* 05 * If V a y K * ■ y-hl#ii^^^^S7V 
*J 7*. $ (M ESFET > , M« K- r*Jt*#«ft* K ^ > 

A * (SISFET) & # Jfc h ft 6 . 

" ceo* ^^»«jjih7>i;x^ & « m r * a 

&&<DttAifre>n>-fi)*** U * ® & T & fifc f 

H @ ? tt , chos ® gg t n 

T n a . 

BMb# 'J «> Alt fi e( = 8500 

crf/V-sec)t±^ £ ntf. JEdFLW^S&JK Ah( = 400crf 
/V • sec)t*/J% $ < , aV^iJ^v^tj^Q^^H 

*tfp*V>*;i/fS#&&K7:/j/-x* * £ * * 
3 V 7 U U Iaia«^:«ccD^-r y * v ^ 03 |ffl , 



-333- 



ztibmu Z>Tztf> £ I* , p ?• v v * ;u • h^v 
Xg«£ >c $ < t * K$t tf&g 4 # , :<iii@ 

% & * * 7 & % mm # * i* < * y . *&m&m<t 
#3 * * * t ^ ^ # & * . mn. xm7 

^■-f---r-r--XA (IEDN)85, $f << ^ x X h 
* 7 t t> - JV ^ X (Digest of Tech- 

nical Papers)3\lK&&0>? - $ CUt, |i] - 

^ ^&»*-K&fc«#s&#h5v^x*@& 

t *? V* T * nf f V^^h^Vi/A^OfflSJ V 
^?#VXgBt*218BS/«i, P^+V*;i/K7>i7 
X^^lfSziv^^ir > Agmltl&uS/' mom&ft 
*>, n V * 5? 5i V X K «© & IU± 8 tetf < k& 



tfV 4T 2 *tfcflt<fc *f »J Afl( P 39GaAsJ0)16#© 

7 v *J x * tf£91£iiTv**. 
fit ± 0) £ ^ tc. fltfttfUOA^x^-Jbtc^jft 



^^^Bt^t^ij^A-c^afc^, at <t # y * a * 

# ft o fc . 

^fc£frlft*u/*jft*P*+y*A/*jia*h 
7 :/ s/' x * £!&<Ki*-£c:*tcfc*. 

* % 981* fit ft *f 'J A & _t tc p^y;i,7Z^ 

* - k s tt t . ^ffip^y^^-^AigcD^rt^ 

ffi K IE ?l * £ A , »A-r*y-X«fl|, K I/ -f > 
^h^yi/X^Tfti. 

x - . */ - . 5 x (A.G.Hilnes) x -f - • 



x ;i/ . v * 4 t h (D.L.Feucht) CD * l£ J: * # ft r 

avy^^-i^-tV^i/a^ X J (Heterojunctio- 
ns • and • Metal • Semiconductor « junctions) ( B 

*&8aKf£. a # . a fll . # & Xi&ft^ a 

<JKT. Get t fltffc # M $ A (J^T > GaAs)ti 

t? * 4 ** . ttcttA&&£fax&fri&3g£:-f&j&jA 

^&tt±, GaAsf*3 0) As Ge# JC £ fft t, . Ge^nffi 
& 4 ft © At & o . I/JJ»U4^6 % *J x - • x 
A * *i *) > 1f JV (J.N.Ballingall) U . Ait 

r ^ + - + JV • * zf • 7 ^ 9 4 K • 7 ^ *J y ^ x 
(Journal of Applied Physics)! tt. 1^52^ 6^- 
4098H *» 6 'fciR $ nr ^ S <fc ^ , $feISJ^«tc 

X V X • 7 > K • O 5/ — (Journal of Vac- 



-334- 



uua Science and Technology)j JJB1#3-^675H 
&(&THBE)fc m V* 5 fc , Ge«;GaAs£tK-t fc250 

r?*ft3oo "c i: v> o <aar x tr 31 ^ ^ 

4 . r © fc 2 Ge fc GaAs tCO^f-n^^^ffiit^jf) 
T & # # fiB T . xt?**^^ & - 
CDrtti^K^x — ■ XA - /< U y # ;i/ £ <?!> 2 O 
Ojfcj&fccfcy, Ge^ ft GaAs'V J#t* 400 r , 

&J&*lif*ftftacfc*ft%fcSiE-c*a. £ . 
* -* x -* * * > ^(CA. Chang) ftfc<fc»J;fcjtt 

r ^ * - ^ ;u • * :/ - * ^ - a . -y- x > x * 

7>K • f^O*; - (Journal of Vacuus Scie- 
nce and Technology)j & 1 9$ 3 ^ 5671! ft tc m 
$ ft T & ft » fc <k ft I* , Ge fc GaAs tW^fDft 

0>ffl£ttf8 1*400 r. 4 B^ffl 0 ift fflffi 
&fc&"C*>10*V£rx ha-AJ^^fc^^jjvc 

tt, 400 ti«©ja«)I®^ifeoTt*, 

9---emtt>x&mv. ffiSfcgSCT a c fc* < , 



?L & b 7 V ^ X * (&TFET) 

Tfll^fc©£K, *S£ 3 > f 5> * > Xg»tf t£#0> 
GahsZm^tipMFETk 5 « & Jt fc ft # tz * 

#fc®&#Oftttffg©pSFET4:tf:S;rfc#-e£a. 

WTfc*?MJ§c02lfi6ft*|gk:,fcr>T&3)!'ra. 
81®tt*&R3fc**^rn«ja«##jfth5 

»ttGaAs(l t 0,0) pi(DGe)g!2. ft 

^ T &f4 (OGaAs/g 3 MBE &fc<ky & 

fc. GaAs® 3 ±£>* - hi$4 lTli7;i/ 5 - 

4J!a#(D&#0>GaAs#3fcSt»j£»J. y-^fgfg 

fc&#U. 350 TCOX&S-C -< V i> ^ A & &fl(t S -tir 
4dti;<t y P »j K)|7 & ^jjau. ie?L© 

fcfcr>fc. UttGaAafl 3 A^g fc o T 

x ^ * * j/ * * , u jfr^GaAsji tir ;i/ 5 

x^Afc8£Mft£0.BeVCO&#/j:i/3v h * # £ 



ft H ¥1-124267 (3) 

* fend* cofc^&K. tfffifcr 
ifi*^^6. A*£fcfc<, 
fclS&ttfcftofc**, Jlttttft'v-ratt&tf-C 
3ei^^6n<S, -a "C KBE m fc «fc * tefifiRS 
fc*!iffi-r*c:fcfcj; y & K go Gejg fc p ^ fc K - 7 

*fc. »2Bfc*?l*T. GeCO&$iJ#«It*0. 
66eV, GaAs©^*g??ISai.42eV-C & -6 ^ x - 

x a * ^U>/f;u*icJ:6WK2ooAttK:J:ft 
fcGefcGaAsWN r n » ^ |fi T tt . £ $ ft fl| CO x * 
As * - 7 8 ffi I* 80 m eV J: /h £ < , 2g(D^$^ 

*: # * * . m « * * 0 x * ;» of - * g $ flg (i % 
GefcGaA9Tti0.7e VSJt-efe U , ^ 0 € i± . 
&fc^xn&^fcfc-fGaAsfcAfio. a Ga o , 7 As0>{«£ 
0.1 e Z 0> fcjfc^ttfitc 

ftoTGei{tpStK-^lfe«^, Ge 
#*<0iE?lfc*tU. GaAsJS (t + » « P9 ffi Ji fc *J 
■5^. *^^Get|j©iE7L0^S&^^hti^®T19O 
Ocrf/(V - sec) fc#ttK;fc*ttfc£ % C<OGe^C5iE 

r*6. ^ft(*. xyt/- 1/ j; r x (L.Reggiani) 8 
«* y *K 7 -f V" A /l/ • l/tfi - (Physical Rev- 
iew) &B16& 6 # 2781K fc $ /< ft ft T l> S <fc ^ K . 
Ge^OiE?L»t<l r 0,0> ^fSjtC^U, 

^;fc^s, Ufc#oT, y-x*»6 Kiz-f vti 

^lnJ^^^[6lS:<l P 0 r 0> * 1^1 fc "T 4 C fc fc A y 
fcfcg»0);*;$l*m#$»&h7 v ^ x 5» ^HfK 

fct . iE?L^fi&^<OA*^yyi/VX^AS:figK))effc 

□ tt^ftffl^&^fcfcj:y. Btfb^fy^A&nBRb 

•>A4fcteJbfc^fiaSfta + >^;U«ffS5&^h 
5 V V X 3» O.gariff <t ^ MOnS/noeffi fc tS^t* -5 



-335- 



55 Si -e £ a . 

* & K <fc ft , 09&±fc<3*S£tfp^v;,* 

4 . (3 ft £> fffi & £ $ (g 

IB 3 @ it ti£ 3t£ OTGaAs & ffj u iE 91 ^ 
■V V * A/FBT 0 K 0 V ft 5 . 



» IB ¥1-124267 (4) 

5 - V - x « S 

7 ... p * a V 9 0 bm 

ft S A #H± ^ /gf « 



2 • p £>Ge» 
4 - Y- h*« 




is 



me 

Ge 



_i 



7" 



0.08 eV 



0.66eV 



~-l42eV 



OSSeV 



-336- 



Vf m ¥1-124267 1 5) 



,5 - 



LlltHllllimilllNlilllHiiH! 



4a 



16 PUGa4sJf 



+ 



-15 



¥ « m je # 

63.11.29 

Wftw&m mm 62^ #ftjH % 283427-?* 

Vf*fc<7>K« iH I A 

^MffSffiK^ST S 33#l-9 
(423) B*3WU*5tAtt 
ftS* IH * .6 3£ 



ft H A 



t108 K**&i8e£3£TB37#8* tt^EBB M iV 

(6591) ^3S± ft IF, 
miS JR£ (03) 456-3111 CfeftIK) 





* * /T 



W *D « <o js <o n jjt £ ^ ^ ffl 

: «r j t *> & <o * r fltffc # ■> a »«± -e 

MWIB*llJll9fT i^fel2H2ff i 9 *c» 

IE* *o 

r 1, H—¥*ei*ttGaAsS« 2»-pSGe@ 
3-AttGaAsB 4,12-y- h ^« 

5, 13- y - * mffi 6, 14- KUOfi 

7, 15-»p + 3 > 9 9 Ym 16»pg! GaAs/g J 



-337- 



